


























































































































• Fast Burner reactors could dramatically reduce the required number of 
high-level waste repositories by fissioning the transuranics in LWR SNF. 
• The potential advantages of FFH burner reactors over critical burner 
reactors are:
1) fewer reprocessing steps, hence fewer reprocessing facilities and HLWR 
repositoriesa—no criticality constraint, so the TRU fuel can remain in the 
FFH for deeper burnup to the radiation damage limit.
2) larger LWR support ratio---FFH can be fueled with 100% TRU, since 
sub-criticality provides a large reactivity safety margin to prompt critical, 





• Sodium-cooled fast reactor is the most developed burner reactor technology, and most of 
the world-wide fast reactor R&D is being devoted to it (deploy 15-20yr).  
1. The metal-fuel fast reactor (IFR) and associated pyroprocessing separation and 
actinide fuel fabrication technologies are the most highly developed in the USA.  
The IFR is passively safe against LOCA & LOHSA .  The IFR fuel cycle is 
proliferation resistant.   
2. The sodium-cooled,  oxide fuel FR with aqueous separation technologies are highly 
developed in France,  Russia, Japan and the USA.
• Gas-cooled fast reactor is a much less developed backup technology.
1. With oxide fuel and aqueous reprocessing.
2. With TRISO fuel (burn and bury).  Radiation damage would limit TRISO in fast 
flux, and it is probably not possible to reprocess.
• Other liquid metal coolants, Pb, Pb-Li, Li.




• The tokamak is the most developed fusion neutron source technology, most 
of the world-wide fusion physics and technology R&D is being devoted to 
it, and ITER will demonstrate much of the physics and technology 
performance needed for a FFH (deploy 20-25 yr).
• Other magnetic confinement concepts promise some advantages relative to 
the tokamak, but their choice for a FFH would require a massive 
redirection of the fusion R&D program (not presently justified by their 
performance).
1. Stellarator, spherical torus, etc. are at least 25 years behind the 
tokamak in physics and technology (deploy 40-50 yr).
2. Mirror could probably be deployed in 20-25 years, but would require 
redirection of the fusion R&D program into a dead-end technology 





































Axial View of Fuel Pin
Cross-Sectional View Fuel Assembly
Composition 40Zr-10Am-10Np-40Pu (w/o)
(Under development at ANL)
Design Parameters of Fuel Pin and Assembly
Length rods (m) 3.2 Total pins in core 248778
Length of fuel material (m) 2 Diameter_Flats (cm) 15.5
Length of plenum (m) 1 Diameter_Points (cm) 17.9
Length of reflector (m) 0.2 Length of Side (cm) 8.95
Radius of fuel material (mm) 2 Pitch (mm) 9.41
Thickness of clad (mm) 0.5 Pitch-to-Diameter ratio 1.3
Thickness of Na gap (mm) 0.83 Total Assemblies 918
Thickness of LiNbO3 (mm) 0.3 Pins per Assembly 271
Radius Rod w/clad (mm) 3.63 Flow Tube Thickness (mm) 2
Mass of fuel material per rod (g) 241 Wire Wrap Diameter (mm) 2.24
VolumePlenum / Volumefm 1 Coolant Flow Area/ assy (cm2) 75
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Core Thermal Analysis 
Core Thermal and Heat Removal Parameters
m
Power Density 73 MW/m3
Linear Pin Power 6 kW/m
Coolant Tin 377 °C
Coolant Tout 650 °C
Min. Centerline Temp 442 °C
Max Centerline Temp 715 °C
Mass Flow Rate( ) 8700 Kg/s
Coolant Velocity(v) 1.4 m/s





















150-200 MW Operating Space
Physics (stability, confinement, etc) and Radial Build Constraints determine operating space.
POPCON for SABR reference design parameters (I =7.2MA)
















Current, I (MA) 8.3 10.0 15.0 13.0
Pfus (MW) 180 500 400 3000
Major radius, R (m) 3.75 3.75 6.2 5.2
Magnetic field, B (T) 5.7 5.7 5.3 5.8
Confinement
HIPB98(y,2)
1.0 1.06 1.0 2.0(?)
Normalized beta, N 2.0 2.85 1.8 5.4
Energy Mult, Qp 3 5 5-10 >30
Htg&CD Power, MW 100 100 110 35
Neutron n (MW/m2) 0.6 1.8 0.5 4.9
CD ηcd/fbs .61/.31 .58/.26 ?/? ?/.91
Availability (%) 75 75 25(4) >90
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• Design Peak heat flux 1 – 8 MW/m2 (ITER < 
10 MW/m2)




Heat Removal from Fusion Neutron 
Source
‐‐ Design for 500 MWt plasma  ‐‐ 50%/50% first wall/divertor 
‐‐ ITER designs adapted for Na  ‐‐ FLUENT/GAMBIT calculations
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SABR S/C Magnet Design Adapted from ITER 
CS Conductor Parameters
Superconductor Nb3Sn
Operating Current (kA) IM/EOB 41.8 / 46.0
Nominal B Field (T) IM/EOB 12.4 / 13.5
Flux Core Radius, Rfc (m) 0.66
CS Coil thickness, ∆OH (m) 0.70
VSstart (V-s) design/needed 87.7/82.5
σCS (MPa) IM/EOB 194. / 230.
σmax (MPa) (ITER) 430.
fstruct 0.564
Central Solenoid Parameters  TF coil parameters
Parameters
Radial Thickness, ∆TF (m) 0.43
Number of TF Coils, NTF 16
Bore h x w (m) 8.4x5.4
Current per Coil (MA), ITF 6.4
Number of Conductors per Coil
(turns), Ncond
120
Conductor Diameter (mm), dTF 43.4
Superconductor Material Nb3Sn
Icond, Current per Conductor (kA) 68
Bmax, Maximum Magnetic Field (T) 11.8
Radius of Maximum Field (m) 2.21
B0, Magnetic Field on Axis (T) 6.29
Subcritical Advanced Burner Reactor
SABR S/C Magnet Design Adapted from ITER
Detailed cross section of CS cable‐in‐conduit conductor 
Subcritical Advanced Burner Reactor






0.6 m2 LH 
Launchers, 20 
MW Power Input, 
1.5 MA Current 





Ibs (MA) 2.5 ~7.5 
f bs (%) 25 ~50
Ip (MA) 10 15 
Paux(MW) 100 110 
Ptot(MW) 120 130 
# Port Plugs 6 10*
PD (MW/m2) 33 9.2 **
** 4 equatorial, 3 upper, 3 NBI, ** ICRH 
power density
Used ITER LH Launcher Design
Li4SiO4 Tritium Breeding Blanket
15 cm Thick Blanket Around Plasma (Natural LI) and Reactor Core (90% Enriched 
Li) Achieves TBR = 1.16.
NA-Cooled to Operate in the Temperature Window 420-640 C.
Online Tritium Removal by He Purge Gas System.
Dynamic ERANOS Tritium Inventory Calculations for 700 d Burn Cycle, 60 d 




Layer Material Thickness Density
Reflector ODS Steel (12YWT) 16 cm 7.8 g/cm3
Cooling CH A Sodium-22 1cm 0.927 g/cm3
1 Tungsten HA (SDD185) 12 cm 18.25 g/cm3
Cooling CH B Sodium-22 1cm 0.927 g/cm3
2 Tungsten HA (SDD185) 10 cm 18.25 g/cm3
Cooling CH C Sodium-22 1cm 0.927 g/cm3
3 Boron Carbide (B4C) 12 cm 2.52 g/cm3
Cooling CH D Sodium-22 1cm 0.927 g/cm3
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LWR SNF         

































4-BATCH TRU BURNER FUEL CYCLE
ANNULAR CORE CONFIGURATION 









EOC/BOC    
Np-237 17.0 8.53 7.25 9.1/8.3
Pu-238 1.4 12.62 17.3 14.6/17.3
Pu-239 38.3 21.71 18.3 21.9/20.3
Pu-240 17.3 26.83 29.2 27.2/28.2
Pu-241 6.5 6.22 7.31 5.55/5.55
Pu-242 2.6 6.95 7.45 6.50/6.99
Am-241 13.63 8.32 7.45 8.87/8.35
Am-242 0.00 0.54 0.84 0.71/0.74
Am-243 2.8 2.96 2.79 2.82/2.85
Cm-242 0.00 0.40 0.59 0.33/0.35
Cm-243 0.00 0.08 0.10 .075/.080
Cm-244 0.00 2.25 2.51 2.01/2.24
Cm-245 0.00 0.57 0.56 0.42/0.49
Effect of Clad Radiation Damage Limit on Fuel Cycle 
Transmutation Performance
Parameter Units 100 DPA 200 DPA 300 DPA
TRU Burned per 
Residence % 16.7% 25.6% 31.6%
TRU Burned per Year MT/FPY 1.04 1.064 0.909
TRU Burned per 
Residence MT 1.01 2.04 2.49
Ratio of Decay Heat to 
LWR SNF Decay Heat 
at 100,000 Years 
0.063 0.035 0.024





(75% availability) 2.9 3.2 3.6
DPA
Displacements 
per atom 97 214 294
































# burn cycles 
fuel has been 
in reactor at 
BOC
1 2 3 4






LWR SNF          
FP Burned TRU
MA-rich    TRU














4-BATCH MA BURNER FUEL CYCLE
ANNULAR CORE CONFIGURATION 









EOC/BOC    
Np-237 2.11 1.94 30.02 1.92/1.95
Pu-238 1.71 18.82 10.29 12.18/10.55
Pu-239 21.23 16.14 15.98 14.71/15.68
Pu-240 15.59 17.11 17.86 18.53/18.02
Pu-241 1.76 2.51 2.28 2.39/2.25
Pu-242 5.42 7.40 7.65 8.36/7.84
Am-241 41.00 31.49 30.02 27.48/29.46
Am-242 0.14 1.18 1.47 1.63/1.52
Am-243 8.72 7.64 7.38 7.20/7.37
Cm-242 0.00 1.19 0.65 0.69/0.77
Cm-243 0.03 0.12 0.12 0.12/0.12
Cm-244 1.63 3.25 2.51 3.97/3.69
Cm-245 0.62 0.78 0.76 0.82/0.76
































Power Peaking 1.69/1.89 1.46/1.62 1.34/1.51
BOL Pfus (MW) 172 489 515
BOC Pfus (MW) 302 190 195
EOC Pfus (MW) 401 246 325
BOL Keff 0.945 0.889 0.909
BOC Keff 0.878 0.949 0.959







BOL Mass HM (kg) 30254 49985 47359
BOC Mass HM (kg) 28846 48468 45658
EOC Mass HM (kg) 26803 46441 43542
Delta Mass (kg) 2042 2027 2110
Loading outer (kg) 7887 13040 12345
HM Out (kg) 5862 11013 10234




SABR FFH BURNER REACTORS
• A SABR TRU-burner reactor would be able to burn all of the 
TRU from 3 LWRs of the same power.  A nuclear fleet of 75% 
LWRs (% nuclear electric power) and 25% SABR TRU-burner 
reactors would reduce geological repository requirements by a 
factor of 10 relative to a nuclear fleet of 100% LWRs. 
• A SABR MA-burner reactor would be able to burn all of the 
MA from 25 LWRs of the same power, while setting aside Pu
for future fast reactor fuel.  A nuclear fleet of 96% LWRs and 












Power (MWth) 3000 3000 384 1000
MA fissioned
(kg/yr)
853 674 135 261 (net)  
Discharge 
burnup (%)
15.5 17.1 10.7 13.2
Fuel residence 
time (d)
2800 2800 1095 2100
LWR support 
ratioa
34.1 27.0 5.4 10.4
# units for USA
LWR fleet b
























• Loss of plasma heating power leads to shutdown of SABR neutron 
source in 1-2 s, making this a good “scram” mechanism.
• Analyses (w/o negative fuel bowing coef) indicate loss of 50% flow 
(LOFA) or 50% heat removal (LOHSA) can be tolerated (w/o 
control action).
• Negative fuel bowing/expansion reactivity  should lead to IFR/EBR-
II passive safety (not yet modeled).
• If the plasma operates just below ‘soft’ instability limits, any neutron 
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